Abstract
INTRODUCTION
Cervical esophageal cancer occurs rarely and accounts for only 2%-10% of all esophageal carcinomas in the United States [1] . Surgery, an option only for patients with early-stage tumors, generally requires a total laryngopha ryngoesophagectomy with reconstruction, an operation often leads to considerable dysfunction. The 5-year overall survival rate was only 16%-28% in two studies of patients treated with curative surgery [2, 3] . Unfortunately, surgical resection is not an appropriate treatment for those with locally advanced tumors, because it is diffi cult to achieve a clear margin. Radiotherapy alone, which does preserve laryngeal function, produces poor results, as evidenced by two studies of patients treated with defi nitive radiotherapy alone, showing the 5-year overall survival rate of only 14%-25% [4, 5] . Concurrent chemoradiotherapy is now standard treatment for locally advanced esophageal cancer, based on the results of an intergroup randomized controlled trial
RAPID COMMUNICATION
(RTOG 8501) [6] . Four studies examined the results from RTOG trial among small cohorts of cervical esophageal cancer patients who were treated with concurrent chemoradiotherapy [7] [8] [9] [10] . The 5-year survival rate was 55% in one [9] , and the 10-year survival rate was 27% in another [8] .
As to radiotherapy, treatment planning for cervical esophageal cancer is challenging partly because of the anatomical structures involved. The cervical esophagus lies in a close proximity to the spinal cord, courses through the lower neck and upper thorax with drastic change of contour and diameter of the anatomy; and the lymph nodes at risk must be incorporated into the irregular treatment volume.
Evidence suggested that, in these patients, high-dose radiotherapy results in better local control and survival compared with low-dose radiotherapy [11] However, high doses of radiotherapy may be associated with potentially high risk of complication because of the adjacent critical structure involved in the high radiation region, such as spinal cord.
Intensity-modulated radiation therapy (IMRT) is a novel approach to the planning and delivery of radiation therapy. Numerous investigators have demonstrated the benefi ts of IMRT planning in a variety of tumor sites in terms of the feasibility of normal tissue sparing [12] [13] [14] and the delivery of higher radiation doses than conventional doses [15, 16] . Another advantage of IMRT is its ability to deliver differentiated dose to various structure during same fraction dose irradiation, thus allows to deliver a higher dose to gross tumor and lower dose to subclinical disease during same session of beam deliver, as commonly described as "simultaneous integrated boost (SIB)".
In two recent studies of esophageal cancer, IMRT plans were found to be superior to three-dimensional conformal radiation therapy (3D-CRT) plans in terms of dose conformity, homogeneity, and sparing of critical normal structure, such as the spinal cord and lung [17, 18] . An another study demonstrated that IMRT plans produced better dosimetric results than 3D-CRT in patients with cervical esophageal cancer [19] . However, there is no clinical treatment result reported on patients with cervical esophageal cancer who were treated with IMRT.
At the University of Texas MD Anderson Cancer C e n t e r, we h ave u s e d I M RT c o n c u r r e n t l y w i t h chemotherapy for all patients with cervical esophageal cancer and for some with upper thoracic esophageal cancer since August 2002. We performed a retrospective study to evaluate the dosimetric considerations, early response and toxicity of this group of patients.
MATERIALS AND METHODS

Patient population
In this retrospective study, conducted from August 1, 2002 through December 31, 2004, 7 patients were selected according to the following inclusion criteria: newly diagnosed locally advanced cervical and upper thoracic esophageal cancer, definitive concurrent IMRT with chemotherapy treatment at the University of Texas MD Anderson Cancer Center, recoverable treatment plan available. Patients were excluded if they had a distant metastasis or had esophagectomy or previously had radiotherapy in the neck or thoracic region. This study was approved by our Institutional Review Board, and informed consent for radiation therapy from all patients was taken. HIPPA compliance was enforced.
Pretreatment evaluation
For their pretreatment evaluation, all patients underwent computed tomography (CT) of the neck, chest, and abdomen, positron emission tomography (PET)-CT, and endoscopy and biopsy of the esophagus. Five patients underwent endoscopic sonography of the esophagus; the other 2 patients did not undergo endoscopic ultrasound examination due to severe obstruction of the esophagus by tumor; instead, they underwent bronchoscopy and PET-CT, which confirmed that they had T4N0 and T4N1 disease. In total, 6 of the 7 patients underwent bronchoscopy. The 1997 American Joint Committee on Cancer guidelines for the staging of cancer were used to classify tumor stage. Tumor stage was determined by endoscopic sonography and bronchoscopy fi ndings, nodal stage was determined by endoscopic sonography or PET-CT, and metastasis stage was determined by PET-CT.
Chemotherapy
The induction chemotherapy consisted of two cycles of weekly carboplatin and paclitaxel (n = 1), given before chemoradiation 
Radiotherapy
All patients underwent CT simulation in a supine position with their arms by their sides; the CT images were taken at a 3-mm thickness throughout the entire neck and thorax. Four of the patients were immobilized with a head and neck/upper thoracic thermoplastic mask, and three with a vacuum-locked cradle. The gross tumor volume (GTV), clinical target volume (CTV), planning target volume (PTV), spinal cord, and lung parenchyma were outlined on each image. The GTV was defi ned as any visible tumor on the image. The CTV was defi ned as the GTV plus a 2-to 5-cm margin superior to the highest extension of the tumor and a 4-to 5-cm margin inferior to the lowest extension of the tumor with a 2-cm radial margin. Uninvolved bony structure and lung tissue were kept outside the CTV. The PTV was defined as the CTV plus a 5-mm margin. For patients in whom the SIB was used, the GTV boost was defined as the initial GTV plus a 1.5-cm surrounding margin. A 5-mm margin around normal structures, such as the spinal cord and lung, was also added for the planning organ-at-risk volume (PRV).
The inverse IMRT plans for 4 of the 7 patients were created using Corvus software (v4.0) (Corvus, Nomos Inc., Sewickley, PA) and for the other 3 using Pinnacle (v6.2) software (Philips Radiation Oncology Systems, Andover, MA). All treatment plans used heterogeneity correction and were delivered with 6-MV photons. The mean dose, dose range, and standard deviation (SD) of the PTV (for GTV boost and CTV) were calculated. The minimum dose to the PTV was defi ned as the dose to the coldest 1% of target volume, and the maximum dose was defi ned as the dose to the hottest 1% of target volume. The SD percentage of the PTV was the SD dose to the PTV divided by the prescription dose to the PTV. The maximum dose to the spinal cord was defined as that received by 1 cm 3 of the volume. The mean dose and the lung V20 (volume of lung receiving ≥ 20 Gy) for the total lung were calculated. The lung V20 < 40% and the maximum spinal cord dose of 45 Gy were considered to be acceptable for the IMRT plan. The pretreatment dosimetric quality assurance procedure and a test run were performed before the start of radiotherapy. Radiotherapy was delivered in a step-and-shoot mode with multi-leaf collimators. Portal films were obtained weekly to ensure the correct set-up.
Toxicity assessment
Acute toxicity levels were assessed weekly with complete blood cell counts and examinations for esophagitis and skin reactions during the concurrent chemoradiotherapy. Esophageal toxicity was defined as late if it occurred more than 90 d after radiotherapy. Radiation pneumonitis was defined as acute if it occurred within 6 mo after radiotherapy. All toxic effects were assessed using RTOG criteria [20] .
Follow-up evaluation
The following evaluations were performed 1 mo after treatment, every 3 mo for the first 2 years, and every 6 mo thereafter: physical examination, complete blood cell count, blood chemistry tests, an endoscopic examination, an esophageal biopsy, and scans of the neck, chest, and abdomen by CT, PET-CT, or both. Endoscopic sonography of the esophagus was performed in two of the patients to evaluate lymph node response.
Response assessment
A complete response (CR) of the primary tumor was defined as: (1) endoscopic examination was negative for all visible tumors and biopsy was negative for tumor cells lasted for ≥ 4 wk, and (2) no evidence of abnormal hypermetabolism on PET-CT scan. The response of the metastatic lymph nodes was assessed by CT, PET-CT, or endoscopic sonography of the esophagus. A CR was defi ned as the complete disappearance of all measurable and assessable disease for ≥ 4 wk.
Statistical analysis
The survival was calculated from the date of diagnosis.
RESULTS
Patients' characteristics
The median time of follow-up was 15 mo (range: 3-21 mo). Of the 7 patients included in this study, 6 were men. The Karnofsky performance status scores ranged from 70 to 90, and their ages ranged from 52 to 78 years. Six patients had cervical esophageal squamous cell carcinoma, and 1 patient had upper thoracic esophageal adenocarcinoma. At the time of presentation, 2 patients tolerated solid foods, 2 tolerated soft foods, and 3 tolerated only liquid diet. Three patients had lost more than 10% of their weight in the 3 mo before treatment.
Patients had locally advanced disease as follows: 3 patients had biopsy-proven tracheal invasion by tumor through bronchoscopy examination, rendered them as T4 stage; one of them had 60% tracheal obstruction with a tracheal-esophageal (TE) fistula and had a tracheal stent placement before chemoradiation treatment; 3 patients had T3 and 1 had T2N1 stage tumors. According to the endoscopic and PET-CT findings, the tumor length ranged from 3 to 8 cm. In 6 patients, a percutaneous gastrostomy or jejunostomy feeding tube was placed prior to the start of radiotherapy because of severe dysphagia, poor nutritional status, or a high risk of aspiration. The characteristics of the patients, tumor, and treatment are summarized in Table 1 .
Dosimetric considerations
The primary tumor was irradiated with a total dose of 59.4-66 Gy given in 1.8-2.31 Gy/fraction. Three patients with cervical esophageal cancer also received prophylactic irradiation to the bilateral supraclavicular regions to a total dose of 46-60 Gy at 1.36-1.8 Gy/fraction. One patient with cervical esophageal cancer received bilateral supraclavicular and neck irradiation to a total dose of 56 Gy at 1.7 Gy/fraction because of small lymph node metastasis in the bilateral lower neck diagnosed by PET-CT. Three patients with cervical esophageal cancer also received irradiation to the superior mediastinum to a total dose of 56-66 Gy at 1.7-2.0 Gy/fraction. The SIB technique was used in 5 of the 6 patients with cervical esophageal cancer. In the other 2 patients, the GTV and CTV received the same fraction dose and total dose, since lymph node region was not prophylactically treated. Table  1 also shows the radiation treatment characteristics. Five, seven, eight, or nine coplanar beams with different gantry angles were used in the 7 patients. The total number of beam segments and monitor units (MU) was 218-559 and 21 252-40 812 for Corvus plans, and 198-417 and 27 423-42 504 for Pinnacle plans, respectively ( Table 2) . The daily treatment time was about 10-20 min. Table 3 summarizes the dosimetric parameters of IMRT plans for the 7 patients. The median GTV was 78 cm 3 (range: 17-229 cm 3 ). The median GTV dose was 64.8 Gy (range: 59.4-66 Gy), and the median CTV dose was 56 Gy (range: 50.4-66 Gy). The minimum dose received by the PTV of boost GTV ranged from 91.2 to 98.2% (SD: 3.7%-5.7%) of the prescribed dose. The minimum dose received by the PTV of CTV ranged from 93.8% to 104.8% (SD: 4.3%-11.1%) of the prescribed dose. The V20
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Tumor response and failure
One patient with cervical esophageal cancer, whose general condition gradually deteriorated, experienced excessive mucus production, weight loss and fever, and decided to begin home hospice care after 2 wk of radiotherapy, died of disease 4 mo after diagnosis. Thus, this patient' s response was not evaluable and was not included in this analysis.
T he other 6 patients all achieved a CR in the primary tumor and lymph node areas after concurrent chemoradiotherapy. The response was assessed by endoscopic biopsy for all patients, 4 of them also had PET-CT. Two patients had no evidence of disease (NED) at 13 and 17 mo. Two patients developed local recurrence in the esophagus 4 and 6 mo after treatment, one of them was successfully treated with salvage photodynamic therapy and had NED at 21 mo and the other died of disease at 15 mo. One patient had lung metastasis 7 mo after treatment and was alive with disease at 17 mo. One patient had both lymph nodes recurrence in the neck and soft tissue metastasis in the left thigh 11 mo after treatment and died of disease. Table 4 shows the tumor response and failure.
Toxicity
Acute major toxic effects included myelosuppression, dermatitis, and esophagitis. Myelosuppression occurred in 2 patients: 1 had grade 3 and another had grade 4 leukopenia. Three of the patients who had been immobilized with a thermoplastic mask experienced grade 3 skin reactions in the neck, and 1 of these required a 3-d treatment interruption. The patient who had a T4 tumor with a tracheoesophageal (TE) fi stula and tracheal stent placement before chemoradiation developed grade 4 esophagitis 1 mo after treatment and had an esophageal stent placed 4 mo after treatment. Another patient experienced grade 4 late esophageal toxicity (TE fistula) 7 mo after radiotherapy and had an esophageal stent placed. Two patients experienced grade 3 late esophageal toxicity (benign esophageal strictures requiring esophageal dilatation one to four times) 4 mo and 10 mo after radiotherapy. No patient had symptomatic radiation pneumonitis, although 2 patients had radiographic changes in their irradiated lung. No patients lost more than 10% of their weight during chemoradiotherapy. No patient experienced radiation myelitis. All except 1 patient completed radiotherapy without interruption in 37-44 d. Radiotherapy was interrupted for three day in 1 patient due to grade 3 skin toxicity and radiation was completed in 50 d. Table 4 summarizes the toxicity of chemoradiotherapy.
DISCUSSION
No consensus has been reached as to the optimal radiation technique and target volume delineation for treating cervical esophageal cancer, and a survey conducted in Canada has come up with different opinions from radiation oncologists [21, 22] . IMRT has potential benefit for treating cervical esophageal cancer because of the complexity of anatomy in this region. Separate IMRT plans designed for the initial large-fi eld treatment and the subsequent boost treatment are referred as two-phase IMRT strategies. On the other hand, the term "simultaneous integrated boost" (SIB) is used to define treatment plan that delivers differentiated doses to different targets during a single fraction dose delivery as follows: one IMRT plan simultaneously delivers different dose levels to different targets in a single treatment session, which results in the primary target (e.g., palpable or visible disease or GTV) and the secondary target (e.g., regions at risk for microscopic disease or CTV) being treated to different dose levels in each and same treatment fraction. Using this approach, the fractional dose delivered to gross tumor can be increased, while, at the same time, the radiation doses and dose schedules known to be adequate for tumor control in marginal tissues and clinically uninvolved lymph nodes are preserved. Thus, the SIB-IMRT has been considered a novel method for accelerated fractionation therapy in controlling gross disease through dose-perfraction escalation. It can shorten overall treatment time, which is preferable for treating tumors with rapid repopulation. It has the ability to deliver large IMRT fi elds, often required for simultaneous treatments of all target volumes, by splitting them and dynamically feathering their junctions for greater accuracy [23] . Therefore, it is an easy, efficient, and less error-prone method of planning and delivery, because it allows the same plan to be used for the entire course of treatment.
Since the large-field and boost doses are delivered in the same number of fractions, one must consider the radiobiological consequences of different fraction sizes for the gross disease, regions of microscopic spread, and electively treated lymph nodes. One can select the conventional 2 Gy per fraction for the gross disease for an SIB strategy, but that might lead to a signifi cantly lower dose per fraction to volumes of microscopic disease and electively treated lymph nodes. On the other hand, one can choose to deliver 2 Gy per fraction to the lower and intermediate dose volumes, but this would require a high dose per fraction, as much as 2.5 Gy or more per fraction, to the gross disease. The latter scheme may have the advantage of shortening the treatment duration and a potential for improvement in local control but at an increased risk of injury to the embedded normal tissues.
In our study, the IMRT plans showed good homogeneity and conformity and the treatment time was acceptable. SIB-IMRT was used in 5 of 7 patients, which made the treatment course simple. Several researchers reported that SIB-IMRT is superior to two-phase IMRT (sequential IMRT) in terms of conformity of dose distribution within the target volume and the sparing normal tissue for head and neck cancer [24, 25] , lung [25, 26] and prostate cancers [25] . The SIB-IMRT also has some advantage over 3-dimensional conformal radiotherapy regarding homogeneity of tumor dose and reduction of the dose to normal tissue for cervical esophageal cancer [19] and malignant glioma [27, 28] . Defining target volume delineation for IMRT plan, especially a consistent CTV delineation, is challenging because current imaging techniques are not capable of directly detecting subclinical tumor involvement and also because the patterns of failure is not clear. It is diffi cult to differentiate if the local tumor recurrence is due to a geographic miss or persistent disease. The tendency for esophageal cancer to be multicentric or to present with submucosal skip metastasis supports the use of generous proximal and distal margins for treatment. In the RTOG 8501 trial [6] , the entire esophagus was included in the radiation portals, but the toxic effects were severe. In the subsequent RTOG 9405 study [29] , 5-cm proximal and distal margins and a 2-cm radial margin were added around the GTV which is effective and has been accepted as a standard in most institutions in the United States.
We used slightly smaller proximal than distal margins in our study, because of our concern about increased toxic effects on the pharynx. Prophylactic irradiation of the supraclavicular and superior mediastinal nodes could decrease the risk of nodal relapse without greatly increasing the toxic effects. In the RTOG 94-05 study [29] , boost GTV was defined as a 2-cm margin around the initial GTV; we used the same boost GTV expansion in our study (1.5-cm margin from GTV to boost GTV and another 5 mm added for PTV).
This is the first study that we are aware of that reported the clinical result for esophageal cancer patients treated with IMRT. In this study, all 6 evaluable patients achieved complete response both in the primary tumor and lymph node sites. Although the early response result was very encouraging for this small group of locally advanced tumors, 2 patients developed local recurrences and another 2 had distant metastases. Only 3 patients survived with no evidence of disease during a median time of 13 mo follow-up. Although some clinical data on cervical and upper thoracic esophageal cancer patients who were treated with concurrent chemotherapy and radiotherapy with conventional or 3-dimensional conformal techniques have been published, the data are sparse because the disease is rare and the published series have consisted of relatively few patients. For example, Ampil et al [7] reported that only 2 of their 6 patients achieved CR when conventional radiation techniques were used to deliver a total dose ranging from 36 to 64 Gy at 2.0 Gy/fraction. Burmeister et al [9] reported that 31 of their 34 patients had CR after a total dose delivered by 3-dimensional conformal radiaton that ranged from 50.4 Gy in 20 fractions to 65 Gy in 33 fractions. The 5-year survival rate in this group was 55%. However, only 3 patients in this group had locally advanced disease; most had early disease. Moreover, Bidoli et al [8] reported that 37 of their 58 patients (29 of whom had cervical esophageal cancer) experienced a CR after having been given 50 Gy in 25 fractions with conventional radiation techniques. The 10-year survival rate was 27% for the 29 patients with cervical esophageal cancer. We await the maturity of our study to report the long-term outcome. Three patients experienced severe skin toxicity, probably caused by the use of the mask and the lack of effort to avoid irradiating the skin during IMRT planning. In a study by Burmeister et al [9] with 3-dimensional conformal radiotherapy, a moderate-to-severe skin reaction occurred in most patients on the neck. IMRT technique has the potential to reduce skin toxicity if skin was defi ned as an avoidance structure. From our experience, to reduce toxic effects to the skin, we need to use a cradle instead of a mask to immobilize patient, also consider skin as an avoidance structure during IMRT planning.
The development of acute esophagitis during and after radiotherapy is usually unavoidable. Fortunately, no patient lost more than 10% of body weight or had to have treatment interrupted because of esophagitis, probably because of the intensive supportive and nutritional therapy received through a gastrostomy or jejunostomy tube. Therefore, the prophylactic use of such tubes is recommended for patients who have severe dysphagia or poor nutritional status prior to the initiation of chemoradiation.
Development of late esophageal toxic effects is a concern for esophageal cancer survivors. An esophageal stricture caused by fibrosis of the esophagus, usually at the site of tumor, was mainly due to the high total radiation dose delivered [30] . In this study, 3 of 4 surviving patients had esophageal stricture or fistula. Burmeister et al [9] demonstrated that in 34 patients treated with 3-dimensional conformal radiotherapy, strictures were the most notable late effect of the therapy: 11 patients developed mild strictures that did not require dilation, 4 patients developed strictures requiring repeated dilation, and 1 patient developed a severe stricture that did not respond to dilation. In the patient with a severe stricture, the attempted corrective surgery failed and resulted in death of the patient. In addition, the local tumor recurrence remains to be a concern even though relatively high radiation dose was used for this group of patients. The degree of dose escalation by IMRT was limited by long-term toxicity, such as esophageal strictures and fi stula. For patients who had their local diseases well-controlled, development of distant metastases became a major pattern of failure.
Therefore, new approaches besides IMRT are needed. One possible way is to use induction chemotherapy. Theoretically, induction chemotherapy could treat the occult micrometastatic disease upfront and may lead to a decrease in the incidence of distant metastases; in addition, induction chemotherapy could be effective in shrinking the primary tumor so that only moderate radiation dose is required to control the local disease, while reducing the late esophageal toxicity. Stuschke et al [10] reported their results of induction chemotherapy plus concurrent chemoradiotherapy (a total dose of 60 to 65 Gy in 6 wk delivered by 3D-CRT) for 22 patients with upper and midthoracic locally advanced squamous cell carcinomas. Locoregional recurrences as one site of fi rst relapse were observed in 12 patients and distant metastases as one site of first relapse occurred in 4 patients. Seven long-term survivors had a good swallowing function. Induction chemotherapy results in a major response rate of 45% and response to induction chemotherapy is strongly associated with long-term survival and locoregional tumor control. No long-term survivors are found among nonresponders to induction chemotherapy. The criterion good response to induction chemotherapy can be used to select patients for high-dose radiotherapy. Another way is molecular targeting agents. Epidermal growth factor inhibitor (EGFR), such as cetuximab, in combination with radiotherapy yielded positive results in treating head and neck squamous cell carcinoma [31] . It is perhaps worthwhile to test EGFR in treatment of cervical and upper thoracic esophageal cancer, because squamous cell carcinoma is the major histology.
In conclusion, concurrent IMRT and chemotherapy resulted in an encouraging tumor response in patients with locally advanced cervical and upper thoracic esophageal cancer. However, local and distant recurrence, and late toxicity remain to be a challenge in the management of this disease. Additional innovative treatment modalities are needed to improve the outcome. All patients with cervical and upper esophageal tumor should be registered and treated in a prospective study with consistent chemotherapy and IMRT dose schedule, and possibly target therapy.
